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Inaoch.siol 
~ ~ ~ i . . * U ~ d  

(lZimn & Ma-gnk, 1978; -Bmrm a  d., 
I*, Wakima d, 1988; I'M ad, 1994; Bblad 
a  d, 1998; .Matom & Sub, 1999) d m umu 
~ e o  d  So& Amcrio (BLir-Truiillo a d, 2002; 
~ . r d , r n 3 ) . T b c ~ u + d r h l u b  
c p i u c n 6 n t ~ ~ f a I r u l . r i . ~ ~ m L  
0 f m r m i . d t h c D e c d f a W  . a 



p r o d u t e  manual, pilot sndies st each site, rind tech- malarial drug use w m  collected, blood smevs were 
n i d  site visisits at rhe h e @ + g  of enrolment in order performed, and Hb was measured. 
to assffs and ensure undomuty of study p d m .  
Special quality control measures were used to ensure Lo6omMy uru 
mnsiscencg in the performaace and intcrpmation of Giemsa-staincd rhick blood 6lms were p r e p a d  at 
blood films among the study sites. Internal quality the time of enrolment, at 24 h, 36 h, 48 h, 72 h, and at 
conwl consisted of duplicate reading of a 10% sub- days 7, 14, and 28. Total parasite count per mimlitre 
ramplc of smears by an d e n c e d  parssitologist at was quantitated by counting the numha of parasites 
each site. while external quality cuntrol was done on a per 200 white blood cells (WBC), assuming a total 
5% sample of slides from all sites by an experienced WBC count of 8000/pL, (Trape, 1985). A thtck film 
parasitologist (Z. G. P.). was declared negative after viewing high power fields 

containing 500 WBCs. The Hb concenuation was 
Sm'tYrirPr determined by HemoCue (Angelholm, Sweden) on 

Subiect enrolment took olece between December admission and on days 7, 14, and 28. 
1998 *d Mav 2000 at the foilowing locations: Hospiral 
D e b  Tom& (Esmeraldas, Ecuador), Komfo Anikye h r m m  cl&fiennnnm 
Teaching Hospital (Kumari, Ghaaa), Kisarawe District Therapeutic response was d e h e d  using a moditied 
Hospital (Kisarawe, Tanzania), Mpigi Health Center version of the WHO l a y  in vim clinical chsifca- 
(Moini. U d d .  and Arthur Dav~son Chddrm Horoi- tion rvstem WHO. 1996: Table I). The dehition of \.~--~-, ~ , , ~ ~  ~ ~ ~ - p -  ~~ ~~ 

ral Ndola. Zambia). These sites mresent a mi&= LTF was m.odiiied as foillow%. &use axillaw ten- 
of &an &d m i  populations in'Africa and Latin 
America. The 4 Atiican sites arc in malaria hyper- 
bolaendemic zones wh-s rhe Ecuadorian site is in a 
hypoendemic zone. 

s* =bl(fs 
Child- aged 6-59 months with arillary t e m p -  - 2 37.5-C and 220Ml/mmy asexual f o m  of 

P. fdcipmm in a thick blood 6 h  were eligible for 
pam'cipation in the stody. Exclusion criteria included. 
Hb < 70 g/L, severe malaria as defined by WHO 
(1990), non-P. falipmun, or mixed Piarm& infec- 
tiom, concurrent severe infections (i.e. Iowa respi- 
ratory infecrion, acute otitis media, pyeloncphritis, 
typhoid fever, bloody duurhoea, memqitis, or 
measles), severe dehydration, malnutrition as d e h e d  
by the Wellcome criteria (Anonymous, 1970), inability 
to tolerate oral medications or fluids, chmnic illness, 
and prior participation in rhe md. Wriam informed 
consent was obtained from the child's onrmt or carer. 
m e  institutional mview boards at eaih site and the 
Hsrssrd School of Public Health, Boston, MA, USA, 
happrosed the Study. 

Once enrolled, &ildren were admitred to m in- 
patient arnrd for 48-72 h. Demographic data, w e  of 
antivecror measures to p w m t  duia recent and- 
nuhid use, and sigdicant past medical hisrory were 
collcncd. A complete physical cxpmination was per- 
formed at rhe rime of study enny and daily during 
h o s p ~ t i o n  and as din id ly  indicated. M a r y  ten- 
pennnr was m c a s d  every 4 h. Pmccramol was 
admhristmd for t e m p m r e s  5 38.5 "C mry 6 h at a 
dose of LO- 15 mg/kg. 

A u k d a d  mwnm and fdh-up 
WlloF2qvinc was me ~C0mmendcd fmt-linc chug 

for the treatment of malaria in dl 5 colmmes during 
the mdy period. The following dosing rchedule was 
wed: IOmg/kg on day 0, 10mg/kg on day 1, and 
5 mg/lrg on day 2. If eirher n treatment or pmdtolagi- 
cal fail- o m d  (see outcome clasifiarions for 

perawes were not taken during follow-up home visits, 
wc used a history of fever dvruy the k t  week nmtead 
of pnllaq tanpernturc and lustoq of fever tn the 
arnlous 48 h We also uxd  a hlstorv of hosoltalvatlon 
bith ~arasitaemla in place of sev& mal&ddznaer 
stgns ulth parawramti. The m p n s c  m chlmoqtllnc 
rresrment was alno clarruied a c c a r d q  u, the WHO 
pmr~ologrcal clamficanun r)vcm Y H O ,  1971; 
Tahle I )  

Dam maMgrmmr and rtoajthlmrhodr 
Data enuy and management was carried out using 

Epi-Info, version 6 . 0 4 ~  (CDC, Atlanta, GA, USA) and 
Integrated .Uicrocomputcr Pmcessing Sysrem, version 
3.1 (US B-u of Census, Washington, D.C., USA). 
Since there was no e5ect of the d;lc supplement on 
clinicel, pamsirologicsl, or hamatological outcomes 
(ZAP, 20021, the 2 m a m e n t  p u p  were combined 
for the rmrooaes of rhis analvs~s. 

 rati inch andy,n wcrc Lwied out using SAS, vp. 
smn 8.2 (SAS Inrtimtc Inc, Cary, NC, USA). Odds 
ntior and 95% CIS were pmdictcd h r n  iognnc - 
sian parameter ot imatn and Wald conhdencc inter- 
vals. .Mulnple logstic reprsslon models for predictors 
of ACK, FTF, and LTP created models rhat rniollly 
included study rnc, age in monrhs, ug of beeers, 
iniml tempnature, log-rmnsformed bwltnc psmslue- 
mia, baseline Hb, gcndq, u~ of ancimasquito 
conwl. u*e of anwnnlmds m the rrmous 7 d, hrost- 
feeding, motha literate, ~ e i g h t - f o r - ~  %score, 
height-for-ap Z-scote, and wh&m the subject was 
n n d o m k d  lo m v c  Lioc. 

I'redicatom of Hh change w m  modelled wirh multi- 
vanntc, repeated measure andpls of v W c e  
(ANOVA). The model initially loduded an tndrcator 
vanable far A C R  study sitc, age in months, we of 
bednm, initial temperature, log-uansfmed baseline 
p-itacmm, gender, use of personal mcim-to 
conml. use of antlmalanala m the o r n o u s  7 d. bteast- 
€CCdain9, mather literate, weight-forage i-core, 
height-for-age Z-score, and whether the subiect was 

definitions), matmmi  with a aundard dose of either randomkdio receive zinc. 
amodiaquinc or SP (Fansidar, Roche, Zurich, Swiucr- Bath final models w m  consfrucred using a back- 
land) - ndmininmd. Ouinbx wap used far rhc wards elimination d d o n  orarsa and these models .--, . . - .. . -. . -  -.- - 
mprment of children who develoocd s w m  malaria w&~coofirmed with a fm=& selection o m a s .  AU 
-0, 1990). Children with &nptomtic sola models included indimor vatiahlcs for-study sitc. 
anaemia w m  rrsnsfuscd with p a c M  red blood cells. Twc-way inrasctions of statistically signilicant main 
Dixbrge from hospiral oc&d once rhe fever had c 5 m  were tested. 
rmlved ( a d a q  temperature < 37.5% for at leaat 12 
h) and there was a 3 75% d u c t i o n  of psrasitaemia R e d s  
relative to badine. &wIim chnmctrnrticr 

Children were s e a  at follow-up at the health cenm One thousand and eighty-seven children w m  m- 
on days 7, 14, and 28. If the padmt did not return for rolled. The anahnical data act mnsistcd of the 788 
follow-up, a -h assisrant went to the subject's children for whom complete clinical a d  ps~sitological 
h o w  to locate the patient. At each follow-up visit, a data were avsilsble. Baseline characteristics of the stody 
history of foer during the last week and recent sun- pardcipants, broken down by site of enrolment, are 
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PREDICIURS OF CHLOROQUINE T R E A T W  FAILURE 

to chl-uine had significantly hi&= Hb concenm- 
tions at days 7 (P< 0.0001) and 14 (P= 0.0057) when 
compared with those aith ETF or those with combined 
ETF and LTF (Figure). The day 28 Hb level was 
higher in child- who had an ACR but the diffe~ence 
was not statistically s i@wt  (P= 0.84). 

Prodcwn of d#- in hmno&&ifmm day 0 m 28 
Risk factors for differences in Hb between the initia- 

tion of therapy and day 28 were identified using a 
repeated measurcs AIL'OVA. Predictors of diRercnces 
in Hb included agc (P < 0.0001), initial parssimcmia 
(P=0.0004), and recent antimalarial therapy (P= 
0.0073) connolling for inidal temperature, study site, 
gender, zinc treatment, bedner use, ather antivcctor 
measure use, and ACR 

DLeusllion 
Our study demonsmted high rates of chloroquine 

treatment failure in Ecuador, Tanzania, Uganda, and 

better clinical &onses (64.i%), the treatment failure 
rate was nonetheless abok the 35% threshold recom- 
mended by the WHO for a change in national drug 
policy (WHO 1996). 

Thc ratc of resistance encouote~ed in Uganda wu 
higher than rccendy desmibed. Dorscy a d. (2000) 
found a ueamenr fpilure n te  of 47% c o t n p d  with 
80% in our study. One pasiblc explanation is that the 
Dorsey study included adults who a~ mom likely to 
have underlying andmalarial immunity. The ability to 
dear chlhloroquine-rcsiatant parasites afrer weatmenr im- 
proves with age (DjimE u d., 2001). 

The chlomquine mistance man in Tmnnia am 
similar to those that have been pxviously reported 
Pmji of d., 3994; Ekvall st al., 2001). Similarly, high 
rates of chloroquine treatment fdiues hwr also ken  
d-id in Zambia (Barat u d., 1998). At the time 
that we Elrried out this smdy, the Ministries of Health 
of all of the 5 panidparing countries were still recum- 
mmdmg the use of chlomquine as a ht-line agukt fm 
the ueptment of uncom~licated malaria in children. 
The ~su l t s  of our study &vide further data to uphold 
the decisions that have subasquendy bcm madc by the 
Ministries of Health in Tanzania, Uganda, md Zambia 
to change fmm chlamquine as firs-line thanpy (MoH, 
Tanzania, 1999; MoH, Uganda, 2001; MoH, Zambia, 
2002). In Tanzanm, although the Minisay of Health 
officially mommmded discontinuing the use of chlo- 
oquine ss the first-line drug, there mntinues to be 
extmsive use of chlomauinc in non-eovemmenml ~~~~~~~~~ 

health facilities and priv&e practice ashdated with 
practitioner and community concerns about SP safety 
and cost. Similarly, in Zambia, atrhough an o f f i d  
mommendstion to change malprin drug policy hag 
h e n  madc, the process of mnvmion to SP as an 
int-ediste smtegy prior to the inuvducdon of Me- 
sunate-bawd combinadon therapy is pmving to be 
loaisdcally camdicatcd. Thus, the findin- of our study 
&&in reie~mito these countries. 

The x coefficient of 48% represenm a moderate 
s e e m e t  above chance between the 2 c ~ c a t i o n  .-..--.- ~~ -~ - ~ ~~~~ ~ ~ 

swt-. indicatina that we found s moderate level of 
&mrd&ice be& the presence of pamsitologicnl 
resistance and dinical outcomes, espcdally when rcait 
tsnce was compared with ACRs. Some of this discre- 
pancy might have stemmed fmm our relatively strict 
adherence to standsrd WHO delinitions (WHO, 1973, 
1996). Many children had evidence of RI or Rn ICSIS- 
tance but ncverthelcss had ACRs. Similar findings were 
noted in a study of chlomquinc resistance in Mali in 
which child- aged < 5 years were more b l y  than 
alder p o n s  to have discordance between ACR and 
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Two limitations of our study wne the la& of urine 
tesohg for chloroquine and its metabalites and fail- 
to  d& precisely when chlomquinc was rsken prior to 
presentation at the h d t h  cenm. The majority of the 
c a r s  of rhc children in our s d y  denied recent anti- 
malarial use. Revious studies b e  shown s high come 
lation between admitting to have taken an antimalarial 
and a positive urine test (Dorsey n d., 2000). However, 
the r e l i a h i i  of a patient's denial of recent antimalarial 
use is lower as many of these patients have detectable 
drvg or metabolites in their urine (Dorsey n d., 2000). 
The lack of reliability of a negative repan of recent 
antimalarial use complicates the interpretation of our 
data, which relied on carer recall. In addition, we did 
nor ask the carers of the children in our study to define 
when andmalarials wcre taken. As a consequence, we 
cannot conclusiveb state that recent chlomquine use is 
not a risk factor for treament failure. Since recent 
chlomquinc use has hem associated with parasitolo@- 
cal rrsistance in other studies (Henry ez al., 1996; 
Bayoumi ad., 1997), there appears to be a f as on able 
probability &st this is also s predictor of treatment 
failure. 
Another potential oiticism of our m d y  was our 

decision to not rake tMpaaNICs at days 7 and 14 in 
acc&cc with WHO guidelines WHO, 1996). We 
relied instead on a repon of recent fever. A negative 
m n  of fever has been shown to haw a hiah nenativc 
i&di&c value whereas a positive response-is ofiues- 
tionable reliability (Eintcn & Bates, 1997, 1998; Vff- 
h a f  a d., 1998). Not measuring temperaruse on days 
7 and 14 should only have had an impact on the 
outmmc, LTE. However, the independent nsk factors 
for -mmr failurn in our cohon of children (young 
agg higher t m p a a m ,  a n d  hi&- parasitc dmsity) 
were mast r u o ~  assoanted with ETE. As a mnse- 
qumec, the use of recall data for recent fever is unlikely 
to have had a meaningful impact on our study hdinga. 

Our en& study cohort was found to have worsening 
-emis between W e  and day 7 7 t h  a g d d  
m v u y  of Hh over the foIlowing 3 weeks. Predicton 
of slowu recovery of Hb in our audy included younser 
age, higher p-ting t emperam,  and grcata para- 
site dmsirg. In children with ETF, thqe was a delayed 
rrcovay of Hb reladve to t h e  chddren who had 
ACRs. A recent study in T d  also found that 
children with ETF had a signScantly grcatu decrease 
in Hb I d  at 72 h (Ekd n d., 1998). However, in 
m m t  to our study, which demonswted a riae in Hb 
I d  by dny. 14 and 28 to l m d s  that were higher thpn 
at thc time of hospital presentation, the Tanzanian 
s n d y  found that all children who werr mnted with 
chloma-e did nor recover to ~rn-treament Hh levels. 
&- in the d i m  in& of imn, phytates, and 
Ibc pmalencc of concnmlmnt parasllr mfecnons (e g 
hoohvurm d a m o w )  arc potennd crplanatlans for rhc 
&flnolcc between our mulrr and those oi  rhc Tam- 
nian study. 

The Jnryhs of our study induded n large s n y l e  
pLe and the use of a consirtcnt pmocol with mulnple 
qunhry m a d  mme- smultinmusly m seven1 dif- 
fermt countries with varying d e p e s  of msmission, 
& mulranr variable uadcrl-a n a r d  immuniw of ~~-~~ ~~~.~~ -. 
the mouhtion. The inde~endent oredictom of cbl6ro- 
i&=nueammt fail- derived &om our rcsulrs and 
&ore of others (Hess rr d, 199% F h l l  u d, 199% 
Dorseg ad, 2000) cpn be used ro nrk-srrpufy chlldren 
who d t  benefic h m  unmedratc use of second-lane -- 
antimnlarills in counmes with hi& levels of chloro 
qvine resiavlcc. Becnvse of the dear association be- 
meen - m a m e n t  fail= and delayed rrmvely h m  
maema, the assacintion heween repeated episodes of 
malaria and anaanip, known negative impan of anae- 
mi. on physical activity and cognitive development in 
young children, and the need to reduce anaemia-aaso- 
ciated blood wnsfusions in areas where hepatitis and 

HN are nh, counmcs that conuauc ro use chluw- 
q w c  m the h c e  of venmenr failw rates > 25% must 
cudul ly  rc-cvaluare rhclr k t - l m c  ucatment pollncs. 

A*m-t. 
This pubticanon r u e  made p&Ic h u g b  suppan pm- 

vided by h e  GlPHNIHNICS, Global BMPU of rhe United 
Smrcs Agency for lntemstioaal Devclopmmt mdcr rhe terms 
of Cwperativc Agreement No. HRN-A-00-969001040. me 
opinions expressed herein are those of the heaurhorr and do not 
neccssnry retlm the views of the United Statss Agency for 
International Dcuelopmcnr. 
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